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Abstract 
The Muglad Basin stretches southeast (south west Republic of Sudan) has a petroleum system which is herein regarded as a 
geological system that includes the petroleum source rocks and all related geological elements and processes which are necessary 
for hydrocarbon accumulation and preservation. This study was undertaken to delineate the detailed structural features affecting the 
Bentiu reservoir in Neem Field by using 6(2D) seismic reflection data. Data interpretation was facilitated by using the PetrelTM, 
modelling software. To define how structures were formed, it is usual to map a range of marker horizons above and below the 
target based on well-to –seismic data. Therefore, top Aradeiba (seal), top Bentiu (reservoir) and top Abu-Gabra (source) have been 
picked to define the detail structures which affecting the Bentiu reservoir in Neem field, Muglad Basin. Generate depth maps for 
reservoirs formations by generating velocity models and use the models in time to depth conversion. The time and depth structural 
maps show that top Aradeiba, top Bentiu and top Abu-Gabra Formation is generally dipping to the north direction. Many 
extensional normal faults can be also noticed on both time and depth structural maps, which are dipping to the north; the change in 
the degree of colours on the both sides of each fault gives an indication on the dip direction of fault plane as well as the upthrown 
and downthrown sides, corresponding to alternating NW and/or NNW-oriented grabens and horsts. The results of this study help to 
identify potential structural traps for hydrocarbons and hence will aid regional exploration. 




Muglad basin is bounded approximately by the  longitudes 
26° 00´ and 30° 00´ E and latitudes 8° 00´and 12° 00´ N 
(Schull, 1988; Fig. 1). It extends from its northern part at the 
Southern Darfur Province, passes southwards through the 
Southern Kordofan, the Upper Nile and the Equatorial 
Provinces to link with the Anza Trough in northwestern 
Kenya. The Muglad Basin Complex is the main petroliferous 
sedimentry basin in the Sudan and represents the western 
flank of its interior rift basins, which are parts of the Central 
African rift system (Fairhead, 1988). The Muglad Basin 
Complex, which is about 300 km wide and more than 1200 
km long, is predominantly trending NW–SE. Geophysical 
studies indicate a sedimentary section up to 13,720 m (45276 
ft) thick in the deepest part of the Muglad Basin, which is 
Kaikang Trough. However, the maximum drilled thickness of 
sediments in the Muglad Basin does not exceed 15,000 ft. 
Neem field is a part of the Muglad basin. Different phases of 
rifting of the Muglad basin were under the control of distinct 
tectonic regimes since Early Cretaceous. In general, three 
basin forming mechanisms were evolved to explain 
subsidence of the Muglad basin at different stages (Fairhead, 
1988). Depositional elements during different phase of the rift 
formation and its development. They might vary from basin 
to basin depending on the local tectonics and climate and 
sedimentation but overall predictability is still the same 
(Ahmed, 1996). 
2. Methodology of data interpretation 
2.1 Structural Interpretation 
The available seismic data utilized in this study consists of six 
seismic sections (Figs. 2 & 3). The main application of 
structural analysis of seismic sections is to search for 
structural traps containing hydrocarbons. Interpretation 
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usually takes place against a background of continuing 
exploration activity and an associated increase in the amount 
of information related to the subsurface geology. Reflection 
events of interest are usually colour-coded initially and 
 
labelled as, for example ‘red reflector’, ‘blue reflector’, until 





Fig. 1. Location map of the Neem oilfield, Muglad Basin, Sudan. (after Mohammed et al., 1999). 
 
 
Structural interpretation is the most fundamental 
interpretation activity and includes maps construction of 
horizons which used in constructing the 3-D structural model. 
To interpret successfully, seismic sections must be picked and 
contour the results on maps. When it interpret it will need to 
be able to recognize when it is “spinning your wheels”, when 
it should plough ahead, and when it should start over 
(Coffeen, 1984). Conventional seismic interpretation implies 
picking and tracking laterally consistent seismic reflectors for 
the purpose of mapping geological structure, stratigraphy and 
reservoir architecture. The ultimate goal is to detect 
 
hydrocarbon accumulations, delineate their extent, and 
calculate their volumes (Avseth et al., 2005). To define how 
structures were formed, it is usual to map a range of marker 
horizons above and below the target. Therefore, top Aradeiba, 
top Bentiu and top Abu-Gabra have been picked to define the 
detail structures which affecting the Bentiu reservoir  in 
Neem field, Muglad Basin. Petrel is the Schlumberger 
umbrella that was used to interpret the seismic data and to 
generate maps 
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Fig. 3. 3D view of seismic lines and wells in the study area. 
2.2.1 Seismic well tie 
Tying well data (in depth) to seismic (in time) helps to find 
events (seismic reflections) that corresponds to geological 
formations. There are basically two methods used to tie the 
geological control into the seismic data: (1) using check shot 
data; time-depth pairs, or (2) using synthetic seismogram. The 
first method is the simplest but least accurate (Badley, 1987). 
Synthetic seismograms are artificial reflection records made 
from velocity logs by conversion of the velocity log in depth 
to a reflectivity function in time and by convolution of this 
function with a presumed appropriate wavelet or source pulse 
(Dobrin and Savit, 1988). 
The standard type of synthetic seismogram represents the 
seismic response to vertical propagation of an assumed source 
wavelet through a model of the subsurface composed of a 
series of horizontal layers of differing acoustic impedance 
(Kearey et al., 2002). Each layer boundary reflects some 
energy back to the surface. The amplitude and polarity of the 
reflection being determined by the acoustic impedance 
contrast (Kearey et al., 2002). The synthetic seismogram 
comprises the sum of the individual reflections in their correct 
travel-time relationships (Fig.4). Kearey et al. (2002) stated 
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that in its simplest form, a synthetic seismogram x(t) may be 
considered as the convolution of the assumed source function 
s(t) with a reflectivity function r(t) representing the acoustic 
impedance contrasts in the layered model: 
x(t) = s(t) * r(t)................................................... (Eq.1) 
Dobrin and Savit (1988) stated that the “reflectivity function” 
or “reflectivity series” is the series of reflection coefficients 
calculated by the equation: 
RC =AI2 −AI1 / AI2 +AI1 ...............................(Eq. 2) 
Where AI1 and AI2 are the acoustic impedance above and 
below the interface; the acoustic impedance (AI) is the 
product of density and sonic velocity. 
AI = density * velocity ...................................... (Eq.3) 
Hence an AI trace may be derived simply from the sonic and 
density logs. Prior to generating the AI, the acoustic log is 
 
generally calibrated with check shot or VSP (vertical seismic 
profiling) before combining with the density log to produce 
acoustic impedance. 
The next step, before they can be compared with actual 
seismic sections, is to convolve the traces with a seismic 
wavelet that is representative of the frequency content and 
phase of the seismic signal (Darling, 2005). Zero phase is 
generally preferred for the wavelet since it yields maximum 
resolution (Dobrin and Savit, 1988). By comparing marker 
beds or other correlation points picked on well logs with 
major reflections on the seismic section, interpretations of the 
data can be improved. The quality of the match between a 
synthetic seismogram depends on well log quality, seismic 
data processing quality, and the ability to extract a 
representative wavelet from seismic data. 
 
Fig. 4. The impedance log, reflection coefficient, and synthetic seismogram generated using the sonic and density logs. Part of seismic line 
1 is plotted together with the synthetic seismogram at well Neem North-4. 
 
Generation of the synthetic seismograms was performed 
using Petrel Software. In creating a synthetic seismogram, 
Petrel permits the interpreter to tie time data (the seismic 
data) to depth data (the well data) by integrating over the 
velocity profile. Impedance log and reflection coefficient are 
generated from the velocity and density profiles. The 
reflection coefficients are convolved with a seismic wavelet 
to produce a synthetic seismic trace. A wavelet can be 
extracted from seismic traces (Fig. (4). 
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2.2.2. Picking horizons 
The main thing that a seismic interpreter`s skill is used for 
picking sections. Picking is marking a reflection on a seismic 
section (Coffeen, 1984). It involves what wiggles from trace 
to trace are from the same reflection, that is, which wiggles 
are reflected from the same rock layer. In picking a reflection 
you are determining the configuration of a rock layer in the 
subsurface (Coffeen, 1984). 
 
Based on the well-to-seismic tie the horizons to be interpreted 
were chosen in the seismic data. The main attention was 
focused over the source rock, reservoir, and seal interval, 
where three main horizons were selected to interpret. The 
selected three horizons for interpretation are top Aradeiba 
(seal), top Bentiu (reservoir) and top Abu-Gabra (source rock) 
(Fig. 5). Top Aradeiba and top Abu-Gabra horizons have 
been chosen to act as structural framework to constrain the 





Fig. 5. 3D view of the picked horizons. 
 
2.2.3 Picking structural features 
Makeen (2015) stated that “early identification of structural 
style is an important exploration function and the appropriate 
selection of prospect (trap) models often depends on the 
reliability of such identification.” Faults are the prominent 
structural features affecting on the study area. In the early 
stages of structural interpretation of a prospect, the major 
faults will be identified on some widely-spaced vertical 
sections. The alignment of reflection terminations is usually a 
great aid in fault identification. Fault planes and their 
intersections with horizons are digitized from the screen 
display in a similar way as horizons picking (Fig. 6). When a 
fault is picked on a seismic section, its intersection will 
appear on an intersecting seismic section. It is much easier to 
work with faults on line crossing them approximately at right 
angle than on lines crossing them obliquely, where the fault 
plane crosses the bedding at shallow angle. 
Because of the role faults often play in the entrapment of 
hydrocarbons, the techniques for finding and mapping faults 
have considerable importance. The principal indications of 
faulting on reflection sections are the following (Dobrin and 
Savit, 1988): 
1- Discontinuities in reflections falling along an 
essentially linear pattern. 
2- Divergences in dip not related to stratigraphy. 
3- Diffraction patterns, particularly those with vertexes 
that line up a manner consistent with local faulting. 
4- Distortion or disappearance of reflections below 
suspected fault lines. 








Fig. 6. Fault planes across seismic lines in 3D view. 
 
There are six 6 lines available in the block 4 of the Muglad 
basin, in the vicinity of Kaikang trough. The seismic  lines 
that were used in the study present a general tendency that the 
data quality is better in the shallow than in the deep (Figs. 7  
to 10). The lines are generally low in frequency, signal/noise 
ratio and poor in resolution due to the intercalations of sand 
and shale in the study area. The shallow horizons including 
base of Adok, top of Amal and top of Baraka, present 
relatively good quality in the center of the Kaikang trough, 
but become obviously poor toward the two sides. The deep 
horizons including top of Bentiu, top of Abu Gabra and top  
of basement are obviously good in quality in the both flanks 
of the kaikang trough (especially in the high areas), but 
become poor in the center of the Kaikang trough. In most of 
the central and south of the Kaikang trough, there is no data 
from the top of basement. The area is dissected by normal 
faults. It consists of several rows of alternating NW and/or 
NNW-oriented highs and lows, corresponding to alternating 
NW and/or NNW-oriented grabens and horsts. In overall 
view, one can see that the study area consists of 7 large- 
scaled structural units, which are alternately distributed 





Fig. 7. Un-interpreted seismic line number (1). 








Fig. 8. Interpreted seismic line number (1). 
 
 
Fig. 9. Un-interpreted seismic line number (5). 








Fig. 10. Interpreted seismic line number (5) 
 
 
2.2.4. Velocity and depth conversion 
Depth conversion concerns the seismic interpreter because 
seismic measurements are made in time, but the wells based 
on a seismic interpretation are drilled in depth. Depth 
conversion allows you to take data from one domain, 
typically seismic data in time, and convert it to another, 
typically depth, to correlate it with well data and perform 
volume calculations. Badley (1987) stated that, for many 
applications, it is necessary that our maps, or specific points 
on our maps, be converted from time to depth. For example; 
1. When lateral variations in velocity overlying our 
objective level cause a distortion in the time structures 
to be significantly different from the real; 
2. To calculate accurate reservoir volumes for reserve 
estimates; 
3. In preparing a well prognosis – when it is necessary to 
know the anticipated depths of interpreted reflections, 
etc., or the depth to anticipated reservoirs or geological 
horizons. 
 
In all of these cases, the transformation of time to depth is 
achieved from knowledge of velocity. The complete 
interpretation is automatically converted using Petrel 
software. The workflow of converting data between domains 
within Petrel is split into two processes: 
 Make velocity model: Defines how the velocity varies 
in space. 
 Depth conversion: Uses the velocity model to move 
data between domains. 
2.2.5. Isochronous and structure contour maps 
The picked time values and the fault segments locations are 
posted on the base map of the study area in order to construct 
structural time maps for the studied horizons (Aradeiba, 
Bentiu and Abu-Gabra). Then, the velocity model is used to 
convert the reflection time to depths, in order to construct the 
structural depth maps. Top Aradeiba isochronous reflection 
map has Two Way Time (TWT) varies between 1365 to 2105 
millisecond (ms) (Fig.11), while depth values vary between 
799 to 1600 m (Fig.12). The Bentiu reservoir varies between 
1500 ms to 2265 ms(Fig.13), while depth values vary 
between 895 to 1737 m (Fig. 14) and achieve their maximum 






value towards the central part of the study area. For Abu- 
Gabra, the TWT varies between 1768 to 2428 ms (Fig.15), 
while depth values vary between 1082 to 1956 m (Fig.16). 
The low-relief areas are located in the central parts of the 
study area, while the high relief areas are located towards the 
East and West. 
 
Fig. 11. Time structure map of Aradeiba FM. 
 
 




Fig. 13. Time structure map of Bentiu FM. 
 
 
Fig. 14. Depth structure map of Bentiu FM. 
 
2.3. 3D- Structural model 
As exploration concentrates along the seismic interpretation, 
the need for developing an analysis which derives structure 
without relying on the seismic section as a photographic 
image. This need is satisfied by the role of seismic modelling. 






In the last years, with the advent of powerful computer 
workstations, the ability to perform interactive 3D modelling 
has become common place throughout the petroleum 
industry. This change in modelling capability represents a 
profound expansion of the modeller’s ability to comprehend 
the seismic response to complex structure. The advantage of 
3D modelling lies in its capability to allow the interpreter to 
view and evaluate a structure model by constructing a 








Fig. 16. Depth structure map of Abu-Gabra FM. 
 
Structural 3D model building is the link between the seismic 
world (Fig. 17), where the interpretation of faults, horizons, 
and other events in seismic data is done and the reservoir 
geology world, where a 3D grid with all its properties is built 




Fig. 17. 3D structural model and cross section illustrate the structure pattern of the reservoirs in E-W direction at Neem Field. 






3. Results and discussions 
The available data for the current study are 6 seismic profiles 
(2D data) and some velocity data that cover most of the study 
area. The seismic data was contributed by the Greater Nile 
Petroleum Operating Company (GNPOC) Sudan. 
The interpreted horizons in the seismic sections from base to 
top are: 
 Top Abu-Gabra (source rock): The 
interpretation follows a zero crossing 
value along top Abu-Gabra horizon while 
the acoustic contrast strongly changes 
along this stratigraphic surface. 
 Top Bentiu (reservoir): The interpreted 
horizon is a seismic peak, locally 
continuous, whose amplitude is related to 
decrease in seismic velocity. 
 Top Aradeiba (Seal): The interpreted 
horizon follows a zero crossing value 
between a strong and continuous 
through-peak couplet representing a 
decrease in seismic velocity. 
The time and depth structural maps show that top Aradeiba, 
top Bentiu and top Abu-Gabra Formation is generally dipping 
to the north direction. Many extensional normal faults can be 
also noticed on both time and depth structural maps, which 
are dipping to the north; the change in colours on the both 
sides of each fault gives an indication on the dip direction of 
fault plane as well as the upthrown and downthrown sides, 
corresponding to alternating NW and/or NNW-oriented 
grabens and horsts. 
The results of this study help to identify potential structural 
traps for hydrocarbons and hence will aid regional 
exploration. 
4. Conclusion and recommendation 
In the south of the block 4, the source kitchen is certain, 
which has been evidenced by the oil discovery in the Neem 
field, where the oil was regarded coming from the source 
kitchen (Abu-Gabra Formation). In the area, the structures are 
well developed, and the field has encountered an oil flow 
from the Bentiu Formation. All these show that the area is 
promising and should be regarded as a key exploration. As a 
recommendation, more exploration activities are needed 
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